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® Unitized dynamic facial seal. 

® A dynamic seal assembly is intended for use as 
a facial seal between radially inner and outer rela- 
tively rotating members having a seal body mounted 
on a generally L-shaped annular ring, a counterface 
mounted on the inner of the relatively rotating mem- 
bers with the bearing disposed in journaled relation 
to the counterface, and the seal body having a 
sealing lip disposed at an acute angle with respect 
to the seal body to engage a radial flange on the 
bearing member and a flexible diaphragm extends 
radially and outwardly from the seal body to termi- 
nate in an outer circumferential sealing portion in 
sealed engagement with the outer of the relatively 
rotating members. The bearing member is so dis- 
posed with respect to the counterface as to maintain 
a uniform circumferential band of contact between 
the sealing lip and flange portion of the counterface 
notwithstanding axial or radial shifting between the 
relatively rotating members. 
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This invention relates to seals; and more par- 
ticularly relates to novel and improved facial seals 
adaptable for use in applications in which the seal 
must maintain sealed engagement between rela- 
tively rotating members, such as, a shaft and a 
bore notwithstanding eccentricity, axial displace- 
ment or angular misalignment between the mem- 
bers. 

There are numerous applications in which rela- 
tively rotating members require a facial seal to 
establish and maintain uniform sealed engagement 
with a radial flange on one of the members notwith- 
standing relative axial or radial movement between 
the members. However, if the seal is not fixed with 
respect to the radial flange and the flange is free to 
undergo any axial or radial displacement with re- 
spect to the seal, serious problems can be encoun- 
tered in maintaining uniform sealing pressure 
against the radial surface. U.S. Patent No. 
4,502,698 to M. T. Collins, assigned to the as- 
signee of this application, represents one approach 
to overcoming these problems by mounting an 
annular boot or diaphragm in surrounding relation 
to a shaft with an outer peripheral seal ring having 
a tapered face which engages the radial wall of a 
spindle housing, and a spring urges the tapered 
face into firm engagement with the radial wall. 
Furthermore, in my prior U.S. Patent No. 4,968,044, 
entitled ROTARY FACIAL SEAL AND BEARING 
ASSEMBLY, I devised a facial seal in which uni- 
form sealing pressure is maintained by the utiliza- 
tion of a toroidal-shaped wall section in combina- 
tion with a tapered sealing lip, and the wall section 
is so constructed and arranged as to maintain 
substantially constant pressure over the entire cir- 
cumference of the face portion of the seal lip 
notwithstanding axial misalignment or eccentric or- 
biting which may occur as the shaft spins. Although 
the forms of seal described are highly effective in 
most applications, there are nevertheless situations 
where it is important to maintain a fixed relationship 
between the seal body or lip and radial flange to 
the extent of acting as a single unit. In other words, 
there is no relative axial or radial motion between 
the seal lip and counterface or radial flange. 

U.S. Patent No. 2,482,029 to Reynolds dis- 
closes a seal which includes a sealing lip or ridge 
together with a rigid thrust ring, and the sealing lip 
extends away from a seal body which is molded to 
the thrust ring and is sealed against an annular 
surface by means of a spring element to prevent 
the sealing lip from flexing outwardly. In addition, 
the seal includes a web portion which interconnects 
the seal body to an outer cylindrical portion of the 
seal and which also is mounted within a rigid 
flange. Thus, although a portion of the seal body of 
Reynolds is effectively mounted In fixed relation to 
a counterface. the sealing lip relies at least in part 



on spring the necessary relationship to a cylindrical 
surface on which it is mounted and at a point 
remote from the thrust ring. Accordingly, Reynolds 
and the other seal devices as enumerated above 
5 do not unitize the seal lip with a counterface and in 
such a way as to maintain a fixed relationship 
notwithstanding high frequency oscillations in a ra- 
dial direction and rapid reciprocating motion in an 
axial direction. 

10 It is therefore an object of the present invention 

to provide for a novel and improved facial seal for 
mounting between relatively rotating members and 
which is capable of maintaining a fixed relationship 
between a seal body and a radial flange to the 
75 extent of acting as a single unit in sealing between 
the members. 

Another object of the present invention is to 
provide for a novel and improved unitized dynamic 
seal for installation between rotating members 
20 which is capable of tolerating high frequency os- 
cillations in a radial direction and rapid reciprocat- 
ing motion in an axial direction without relative 
shifting of the major sealing portions of the seal. 
It is a further object of the present invention to 
25 provide for a dynamic facial seal in which a sealing 
lip and counterface are effectively unitized so as to 
follow axial and radial motion as a single unit 
between relatively rotating members; and further 
wherein the seal lip is capable of running continu- 
30 ously along one circumferential band of contact 
notwithstanding relative motions occurring between 
the rotating members. 

In accordance with the present invention, a 
unitized dynamic seal assembly has been devised 
35 for installation between inner and outer relatively 
rotating members and which seal assembly com- 
prises an annular seal body having a sealing lip 
extending in a generally axial direction away from 
the body, a flexible wall section extending radially 
40 outwardly from the seal body and terminating in an 
outer circumferential sealing portion in sealing en- 
gagement with the outer relatively rotating member, 
an inner band having a radial flange at one end 
disposed in pressfit relation to the inner relatively 
45 rotating member, and bearing means is operative 
to position the sealing lip in sealed engagement 
with the radial flange whereby the sealing lip and 
radial flange will undergo relative rotation while 
remaining in fixed axial and radial relation to one 
50 another notwithstanding relative axial and angular 
shifting between the members. 

In the preferred form of invention, the seal 
body is preassembled onto and fixed with respect 
to the bearing means, and the bearing means and 
55 seal body are retained on the inner band with the 
seal lip yieldingly urged against the radial 'flange. 
As a result, the seal lip will run on one circumferen- 
tial band or line of contact notwithstanding relative 
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motion occurring between the inner and outer rela- 
tively rotating members and never has to flex in 
response to axial displacement or misalignment 
between the relatively rotating members. 

In a modified form of seal assembly, the bear- 5 
ing means has a radially outward extension moun- 
ted at the one end of the band opposite to the 
radial flange to limit the axial excursion of the outer 
sealing portion, for example, when the inner of the 
relatively rotating members is to be inserted for 10 
any distance from the axial end of the seal assem- 
bly opposite to the radial flange. In another modi- 
fied form, the bearing means has an axial projec- 
tion which extends axially beyond the flexible wall 
section of the seal in order to limit axial excursion 15 
in one direction. 

In the forms of invention described, the inner 
surface of the band is covered with a rubber or 
rubber-like material to establish tight-fitting sealed 
engagement with the inner of the relatively rotating 20 
members. Moreover, the sealing lip extends at an 
acute angle away from one axially facing surface of 
the seal body and inclines in a radial outward 
direction for engagement with the radial flange on 
the inner band. Preferably, the seal body is 25 
stretched onto the bearing, the seal body being 
somewhat undersized with respect to the diameter 
of the locator bearing so as to cause the seal lip to 
be flexed or preloaded in an axial direction against 
the surface of the radial flange when assembled. In 30 
the alternative, the seal body may be molded onto 
the locator bearing but again is most desirably 
preloaded against the surface of the radial flange 
when assembled. Preferably, the outer sealing por- 
tion is reinforced with a rigid band or ring so as to 35 
maintain the stability of the seal with respect to the 
outer rotating member. 

The above and other objects, advantages and 
features of the present invention will become more 
readily understood and appreciated from a consid- 40 
eration of the following detailed description of a 
preferred embodiment of the present invention 
when taken together with the accompanying draw- 
ings in which: 

Figure 1 is a cross-sectional view of a preferred 45 
form of seal assembly and illustrating on radial 
section of a seal assembly installed between a 
shaft and outer spindle housing in a motor ve- 
hicle; 

Figure 2 is a cross-sectional view similar to 50 
Figure 1 and illustrating the relative displace- 
ment between parts when the shaft is axially 
displaced with respect to the spindle housing; 
Figure 3 is an enlarged view in elevation of a 
preferred form of bearing member forming a 55 
part of the preferred form of seal assembly of 
Figures 1 and 2; 



Figure 4 is a cross-sectional view of a modified 
form of seal assembly in accordance with the 
present invention: and 

Figure 5 is cross-sectional view of another modi- 
fied form of seal assembly in accordance with 
the present invention. 
Referring in more detail to the drawings, a 
preferred form of seal assembly 10 is illustrated in 
Figures 1 and 2. The assembly 10 is in the form of 
a grease seal which is interposed between a sta- 
tionary spindle housing H and a rotating shaft S. 
the latter rotating with respect to the housing H. 
The housing H has an axial extension E disposed 
in outer spaced surrounding relation to the shaft S; 
and an annular bearing B is interposed between 
the shaft S and housing H to prevent direct fric- 
tional engagement between the shaft S and the 
housing H. In a typical automotive application, the 
seal 10 is subject to some eccentricity or angular 
misalignment as well as axial displacement be- 
tween the shaft S and housing H. It is therefore 
important to maintain uniform sealed engagement 
between the seal 10 and relatively rotating inner 
and outer members S and H notwithstanding axial 
or radial dis-placement or shifting between the 
members S and H. 

In order to maintain uniform sealed engage- 
ment between the members, the seal assembly 10 
is provided with a counterface 12 having an inner 
band 13. a radially outwardly extending flange 14 
at one end of the band 13 and a radially outwardly 
extending lip 15 at the opposite end of the band 13 
to the flange 14. An annular bearing member 18 
serves as a locator for a seal member 20 to be 
described, the locator bearing 18 having a band 22. 
A radially stepped flange 23 projects axially from 
one end of the band 22 opposite to the radial 
flange 14 when in assembled relation with respect 
to the counterface 12. As shown in Figure 3, the 
locator bearing 18 is in the form of a split ring 
having a radially extending gap or space 34 so as 
to enable outer circumferential expansion and 
stretching over the lip 15 into closely spaced rela- 
tion to the band 13. In this relation, the locator 
bearing 18 is preferably dimensioned so as to fit 
snugly between the radial flange 14 and the lip 15 
of the counterface and yet afford a limited amount 
of play between the bearing 18 and counterface 12 
so that the counterface 12 is free to rotate freely 
with respect to the bearing 18. 

The seal member 20 is preferably composed 
of an elastomeric material and includes a generally 
rectangular body 26 provided with one axial end or 
corner 27 disposed against the bearing flange 23. 
and the opposite axial end has a seal lip 28 inclin- 
ing away from the body 26 at an acute angle and 
terminating in a squared end 29. one edge of which 
bears against the radial flange 14. The seal lip 28 
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is preferably of a relatively thin cross-sectional 
dimension with respect to the body 26 and extends 
outwardly and away from the body for a distance 
slightly greater than the thickness of the body 26. 

A generally toroidal or C-shaped flexible wall 
section 30 inclines at a relatively low angle away 
from an outer circumferential surface 31 of the 
body 26 and merges into an outer axially extending 
section 32. then terminates in a radial end 33. A 
rigid reinforcing ring 35 encircles the section 32 
and is interposed between the outer section 32 and 
the inner surface of the housing extension E. 

Preferably, the seal member 20 is dimensioned 
to be slightly undersized with respect to the diam- 
eter of the bearing member 18 so as to require 
circumferential expansion or stretching to fit over 
the bearing member 18. The seal member 20 Is 
assembled by stretching or molding onto the bear- 
ing member 18 prior to installation of the bearing 
member 18 over the counterface as described so 
that the bearing member 18 must be expanded 
slightly against the inward urging of the seal mem- 
ber in passing over the radial lip 15 onto the 
counterface. The ring 35 is united with the outer 
section 32 of the seal member 20, such as, by 
molding the outer section 32 around the ring mem- 
ber 35. In this way, the ring member 35 will re- 
inforce the seal by moving into pressfit engage- 
ment with the housing extension E. In assembled 
relation, the locator bearing 18 will fix the position 
of the seal body 26 and the seal lip 28 in axial and 
radial directions relative to the counterface 12, and 
the seal lip 28 is preloaded axially against the 
flange 14 as a result of the hoop stress which is 
generated when the seal body is stretched over the 
locator bearing 18. In the alternative, when the seal 
body is molded onto the bearing 18, the seal lip 28 
is axially compressed in the process of assembly 
onto the counterface 12 so as to be effectively 
preloaded against the counterface 12. 

The bearing member 18 preferably is an an- 
nular ring composed of a rigid plastic low- 
coefficient-of-friction material with a radially split 
portion 34 as described. In turn, the counterface 12 
is a stamped metal ring with the radial flange 14 
being formed to extend in an outward radial direc- 
tion away from one end of the band 13. The inner 
surface of the band 13 is covered by a thin section 
36 of elastomeric material which bears against the 
shaft S when installed. 

By virtue of the relationship established be- 
tween the counterface 12, bearing member 18 and 
seal member 20. when the shaft is under rotation 
the only signficant relative motion that occurs be- 
tween the seal lip 28 and counterface 12 is rota- 
tional motion. The lip load, contact angle and cir- 
cumferential path of movement of the seal lip 28 
never varies relative to the radial flange 14. Further, 



any shaft eccentricity with respect to the spindle as 
well as axial displacement or angular misalignment 
occurring between the shaft and spindle is com- 
pensated for by the rolling and flexing nature of the 
5 diaphragm-like wall section 30. In other words, the 
seal lip 28 is not required to flex in response to 
axial displacement or misalignment and the lip con- 
tact angle will remain constant relative to the radial 
flange 14 of the counterface 12. In the event of any 
JO extreme axial movement between the shaft S and 
housing H, the flange 23 of the bearing 18 projects 
axially beyond the wall section 30 to engage the 
housing H and prevent direct engagement of the 
wall section 30 with the housing. 
15 A modified form of seal assembly 10' is illus- 

trated in Figure 4 wherein like elements to those of 
Figures 1 and 2 are correspondingly enumerated 
with prime numerals. In this form, the seal assem- 
bly 10* is designed for installation of a shaft from 
20 the inside as designated by the direction of the 
arrow in Figure 4. To this end, the seal assembly 
10' includes a counterface 12' having an inner 
band 13', a radial flange 14' at one axial end of the 
band 13' and a lip 15' at the opposite axial end of 
25 the band 13'. A bearing member 18' has a band 
22' and a radial flange 23' at one end opposite to 
the radial flange 14' of the counterface 12'. Again, 
the bearing 18' is in the form of a ring having a 
radially split portion, not shown, so that it can be 
30 expanded over the lip 15 into closely surrounding 
relation to the band 13' but fits snugly between the 
flange 14' and lip 15* with sufficient play between 
the bearing 18' and counterface 12' for free rotation 
of the counterface 12'. 
35 A seal member 20' includes a body portion 26' 

with its inner corner 27' disposed against the flange 
23' and a seal lip 28' extends at an acute angle 
away from the opposite axial end of the seal with a 
squared end 29' which bears against the flange 
40 14'. Again, the seal lip 28' is relatively thin with 
respect to the body 26*. A rolling diaphragm in the 
form of a generally C-shaped flexible wall section 
30* extends in a radially outward direction from the 
seal body 26' and terminates in an outer axially 
45 extending section 32' which is encircled by a rigid 
reinforcing ring 35'. The ring 35' has a radially 
inwardly directed lip 38' which extends between 
one end of the section 32' and the radial flange 23' 
of the bearing 18'. A radially outwardly directed lip 
50 39' of the ring 35' is disposed in radially outwardly 
spaced and aligned relation to the flange 14* to 
facilitate attachment to an outer of the relatively 
moving members, such as, the housing H in the 
form of Figures 1 and 2. The elements are assem- 
55 bled in the manner hereinbefore described in con- 
nection with Figures 1 and 2. However, the bearing 
member 18' preferably is an L-shaped annular ring 
member in which the radial flange 23' extends 
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radially and outwardly along the one axial end of 
the seal member 20' so as to abut the lip 38* of the 
ring 35' thereby limiting axial displacement of the 
outer wall section 30' when a shaft is inserted 
through the seal assembly in the direction of the 
arrow. Typically, the outer ring 35' would first be 
assembled into press-fit relation to the outer sta- 
tionary housing, such as. the housing H, and any 
axial pressure exerted by the shaft as it is inserted 
into position within the seal assembly would be 
borne by the radial flange 23'. Again, It should be 
noted that the Inner surface of the band 13' is 
embedded in a thin section 36' of elastomeric 
material and it is therefore important that the flange 
resist axial travel of the seal when the shaft is 
inserted from the inside. 

A variation of the modified form of seal assem- 
bly 10' Is illustrated in Figure 5 in which like 
elements are correspondingly enumerated to those 
of Figure 4. In Figure 5, the seal assembly 10" is 
designed for installation of a shaft from the op- 
posite direction to that shown in Figure 4, as des- 
ignated by the arrow, after the sea! assembly is 
mounted within the outer of the relatively rotating 
members, such as, a housing H, not shown. Ac- 
cordingly, the counterface 12" corresponds to the 
construction of the counterface 12' but has a radial 
flange 14' extending radially beyond the outer pe- 
ripheral edge of the outer section 32" of the seal 
member 20". The outer circumferential section 32" 
is modified by having a radially outwardly extend- 
ing section 40 which bears against the radial flange 
14" when the seal is in its relaxed position. Outer 
encircling ring 35" includes an axially extending 
band 42 which terminates in a radially outwardly 
extending lip 43 directly behind the portion 40 of 
the seal member 20". 

Accordingly, when the shaft is installed by in- 
sertion through the seal assembly 10". the radial 
flange 14" will act as a limit stop preventing axial 
displacement of the seal member 20" beyond the 
aligned position shown in Figure 5. Once assem- 
bled, however, the seal assembly is free to follow 
any axial or radial excursions or movement be- 
tween the shaft and outer housing, and the seal lip 
28" would remain in fixed relation to the radial 
flange 14" as previously described with reference 
to Figures 1 and 2. 

It is therefore to be understood that while pre- 
ferred and alternate forms of invention have been 
herein set forth and described, various modifica- 
tions and changes may be made without departing 
from the spirit and scope of the present invention, 
as defined by the appended claims and reasonable 
equivalents thereof. 



Claims 

1. A dynamic seal for installation between radially 
inner and outer relatively rotating members 
5 comprising: 

an annular seal body having a sealing lip 
inclining away from one side of said body, a 
flexible wall section extending radially from 
said seal body and including a circumferential 

w sealing portion in sealed engagement with one 

of said relatively rotating members, said seal 
body disposed in sealed engagement with the 
other of said relatively rotating members; 

a substantially rigid band in pressfit en- 

15 gagement to the other of said relatively rotat- 

ing members, said band including a radial 
flange portion; and 

a bearing member interposed between 
said seal body and said band, said bearing 

20 member including means positioning said seal- 

ing lip in sealed engagement with said radial 
flange portion whereby said sealing lip and 
radial flange portion are maintained against 
axial movement in relation to one another not- 

25 withstanding relative axial or angular shifting 

between said inner and outer relatively rotating 
members. 

2. Seal apparatus according to claim 1 , said bear- 
30 ing member including an axially extending 

flange abutting said radial flange portion. 

3. Seal apparatus according to claim 1 , said seal- 
ing lip positioning means including means 

35 movable into engagement with said one of said 

relatively rotating members to limit axial excur- 
sion of said seal body in one direction. 

4. Seal apparatus according to claim 3, said bear- 
40 ing member including an annular ring com- 
posed of a rigid, low coefficient of friction 
material. 

5. Seal apparatus according to claim 4, said band 
45 including a radially outwardly directed lip at 

one axial edge opposite to that of said radial 
flange, said annular ring being split so as to be 
free to undergo expansion in order to clear 
said rigid lip when assembled onto said band. 
50 said annular ring mounted on said band be- 

tween said lip and said radial flange. 

6. Seal apparatus according to claim 1 , said seal 
body being of a slightly lesser diameter with 

55 respect to said bearing means and stretched 

over said bearing means to cause said seal lip 
to be preloaded in an axial direction into seal- 
ed engagement with said radial flange. 
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7. Seal apparatus according to claim 1, said wall 
section being of a relatively narrow cross-sec- 
tion with respect to the thickness of said seal 
body. 

8- Seal apparatus according to claim l, said outer ^ 
circumferential sealing portion including a rigid 
ring disposed internally of said outer circum- 
ferential sealing portion. 

9. A seal apparatus adapted for installation be- 
tween inner and outer relatively rotating mem- 
bers comprising; 

an annular seal body having a sealing lip 
extending in a generally axial direction away 15 
from said body, a flexible diaphragm extending 
radially outwardly from said seal body and 
including an outer ring-like sealing portion in 
sealed engagement with said outer of said 
relatively rotating members; 20 

an inner, substantially rigid band in pressfit 
engagement to said inner of said relatively 
rotating members, said band including a radial 
flange portion; and 

bearing means interposed between said 25 
seal body and said band for urging said seal- 
ing lip into sealed engagement with said radial 
flange portion whereby said sealing lip and 
radial flange portion will undergo relative rota- 
tion while remaining in fixed axial and radial 30 
relation to one another notwithstanding relative 
axial or radial shifting between said inner and 
outer relatively rotating members. 

10. A seal according to claim 9. said bearing 35 
means including a radially extending flange, 
and said seal body abutting said radially ex- 
tending flange of said bearing means, said 
radially extending flange movable into engage- 
ment with said outer of said relatively rotating 40 
members to limit the axial excursion of said 
seal in one direction. 

11. A seal according to claim 10. said bearing 
means being in the form of a generally L- 45 
shaped annular ring composed of a rigid, low 
coefficient of friction plastic material and said 
inner, substantially rigid band composed of a 
metallic material, and said annular ring dis- 
posed in loose-fitting relation to said band be- 50 
tween said rigid lip and said radial flange por- 
tion. 

12. A seal according to claim 11. said band includ- 
ing a radially outwardly directed lip at one axial 55 
edge opposite to that of said radial flange, said 
annular ring being split for assembly over said 
rigid lip and onto said band, and said annular 



ring mounted on said band between said rigid 
lip and said radial flange. 

13. A seal according to claim 9. said diaphragm 
being of toroidal configuration and having a 
relatively narrow cross-section with respect to 
that of said seal body, said outer ring-like 
sealing portion including a reinforcing ring 
member, and said bearing means including a 
radially extending flange engageable with said 
outer sealing portion to limit the axial excursion 
of said seal in one direction. 

14. A seal according to claim 9. including limit 
stop means to limit axial excursion of said seal 
in one direction. 

15. A seal according to claim 14, said limit stop 
means defined by a radially outwardly stepped 
shoulder portion on said bearing means ex- 
tending in an axial direction opposite to said 
radial flange portion. 

16. A dynamic seal assembly interposed between 
an outer annular member and an inner rotating 
shaft, said seal assembly comprising: 

an annular seal body having a sealing lip 
extending at an acute angle with respect to 
said seal body, a flexible diaphragm extending 
radially and outwardly from said seal body and 
including an outer sealing ring in sealed en- 
gagement with said annular member; 

an inner substantially rigid counterface dis- 
posed in pressfit engagement to said shaft, 
said counterface having a radial flange at one 
end and a radial lip at an opposite end; and 

bearing means in the form of an annular 
ring interposed between said seal body and 
said counterface. a radially extending portion 
of said ring disposed on one side of said seal 
body opposite to said sealing lip. said bearing 
means urging said sealing lip into sealed en- 
gagement with said radial flange whereby said 
sealing lip will maintain a uniform circumferen- 
tial line of contact with said radial flange as 
said radial flange is rotated with respect to said 
sealing lip. 

17. A dynamic seal assembly according to claim 
16. said radially extending portion terminating 
at its outer periphery along one axial end of 
said outer sealing ring. 

18. A dynamic seal assembly according to claim 
16, said radially extending portion of said ring 
having an axial projection extending in an axial 
direction beyond said seal body. 
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